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MEraOD FOR MAKING EUECIRICAL CONTACT 
WTTH AN ACnVE AREA THROUGH 
SUB-MICRON CONTACT OPENINGS AND A 

SEMICONDUCTOR DEVICE ^ 
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Tilis inventioii relates to semioonductor 
meihodi for maldog dectrical ooatact nvitb tn active 
area aad more partkulaflyt for making electrical 
oontict with an active area through aub-microo contact 
opeaitigs. This inventioD also relates to semicoodnctor 
device! having boned contact plugs. 

BACKGROUND OF THE INVENTION 

A$ temioonductor devices are scaled down to in- 
crease packing density, dtstsnoe» between adjacent 
components are becoming incressittgly smaller. Sob* 
micron geometries are possible with currently available 30 
technologies. In tome highrdendty memory devices, 
distances between adjacent word lines arc reqtiired to 
be 0.4 micron or less to produce a sufGctently dense ceO. 
At these geometriet, problems arise when attempting to 
define contact openings to active areas between these 
adjacent, tightly spaced word lines. Present photolitho- 
graphic alignment and metallizatioi) techniques are only 
possible to 0.35 micron features, with a misalignment 
error of ±0.1S tnicron. Wtthotn the use of self-aligned 
active ares contacts, the minimum word line spacing 
would be approsimately greater than 0i85 micron 
which is equal to the twinimnfii photolithographic fea- 
ture of Gl3S micron, plus twice the niisaiignment toler- 
ance of 0.1 5 micron, plus twice the processing margin of 33 
0.10 micron (or, 0.3S micron 2x0. 15 micron +2X0.10 
micron aQ.8S micron). Present processing techniques 
are therefore incapable of producing narrow and prop- 
erly aligned contact openings to active areas for geome- 
tries of 0.4 micron or less. 

This invention provides a processing tnethod for 
making contacts to acdve areas between semiconductor 
word line (conductive runners) having sub-micron ge^ 
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BRIEF DESCRJFnON OF THE DRAWINGS 



One or more preferred embodimenu of the invention 
ate described below with reference to the following 
aooompsnying drawings. 

FIO. lis a diagrammatic section of a semioonductor ^ 
wafer shown at one prooeasing step in accordance with 
the invention. 

FIG. 2 is a diagrammatic section of the FIG. 1 wafer 
illustrated at a procesring step sufaaequent to that shown 
in FIO. L 

FIO. 3 is a diagrammatic section of the FIG. t wafer 
illustrated at a processing step subsequent to that ibowo 
h&PlG.l 

FIO. 4 is a diagrammatic section of the FIO. 1 wafer 
IDttstrated at a processing step subsequent to that shown 
in FIG. 3. 

FIO. Sisadtagraimnaticsecdonof th HO. 1 wafer 
tllostrated at a processing step subsequent to that shown 
in PIG. 5. 

FIG. 6 is a diagrammatic section of the FIG. 1 wafer 
illustraced at a processing step subsequent to that shown 
ffl FIG. S. 
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FIG. 7 h a diagrammatic secdOQ of the FIG. 1 wafer 
illustraled at a proceuing ttcp subsequent to that shown 
bnG.6. 

FIG. 8 is a diagrammatic sectioa of the FIG. 1 wafer 
Qhtttnted at a processing sup subsequent to that sfa wn 
hi FIG. 7. 

FIG. 9 is diagraimnatic aoction of the PIG. 1 wafer 
fllttstratad at a processing step subsequent to that shown 
b FIG. 8: 

no. 10 is a diagrammatic section of the FIG. 1 wafer 
Olttsirated at a processing step subsequent to that shown 
m FIG. 7. RG. 10 ilhistiates advantages of the present 
invention in diminishing problems aaaodstrd with mis- 
alignment 

DETAILED DESCRIFnON OF THE 
PREFERRED EMBODIMENTS 

Tl&is disdosuxe of the invention is submitted in ftir- 
_ therance of the oonstitntional purposes of the U.S. Pa- 
tent Laws promote the progress of science and 
usefttl arts** (Article 1, Section 8). 

In accordance with one aspect of the tnvcntioti, a 
semiconductor processing method of making electrical 
23 contact with an active area on a semiconductor wafer 
comprises the following stq>s: 

providing s pair of conductive iluuers on a semioon« 
ductor wafer, individual conductive runners having 
sides; 

30 providing an insulative layer on the sides of the con* 
ducdve nmnersr the insulative sides of adjacent conduc* 
tive runners being spaced a sdected distanoe apart at a 
selected location on the wafer; 
providing an active area between the conductive 
33 runners at the selected location; 

providing a layer of first oxide to aaelected thickness 
over the active area and conductive runners, the first 
oxide layer selected thickness being less than one-half 
the selected distance between the insulative sides of 
40 adjacent conductive nmners; 

providing a first plananzed layer of insulating mate- 
rial atop the first oxide Uyer« the first layer of insulating 
material being selectively etchable relative to the first 
the Gnt layer of insulating material having an 
uppersurfisce; 

patterning the planarized fint insulating layer for 
definition of a first contact opening therethrough to the 

active area; 

etching the patterned fint faisulating layer selectively 
^ relative to the first oxide layer to define the fint contact 
opening therethrough, the first contact opening having 
■a aperture width at the pUnarized first insnjadng layer 
upper snrftce» the apertore width being greater than the 
» sdected distance between the insulative skies of adja* 
cam ooaductive runners; 

etching the first oxide layer within the first contact 
opening to expose the active area; 
provuiing a plug of conductive material within the 
M first contact opening over the ciposed active area; 
provkiing a second insulating layer over the first 
insulating layer and the condnctive plug; 

patterning and etching the second insulating layer to 
form a second oonuct opening to and exposing the 
6S conductive plug; and providing a conducUveUycr ver 
the second inuilating layer and into the second contact 
opening* the conductive Uyer electrically contacting 
the conductive plug. 
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In accordance with another aspea of the inveaUosi, 
the step of providing a Gist planarized layer of insulat- 
ing tnaterial comprtics: 

providing a oonfomud fint layer of insulating mate- 
rial atop the first oxide layer, and 9 

chemical mechanical polishing the wafer to ptanacize 
the first insulating layer. 

In accordance with yet another aspect of the tnves- 
tk»w a aemtcondttctordevioe comprises: - 

conductive runners fonned on the temieonductor 10 
wafer, individual runners having a top and tides; 

msulative spacers provided oo the sides of the oon- 
doctive runners, the spacers of adjacent ranners txing 
apaoed a selected distance apart at selected locations oo 
the wafer; IS 

active areas positioned between the ooaducdv^ i\m* 
ners at the selected lorations; 

an insulating layer with an upper surface fonned over 
the nmnera, the insulating layer having fint contact 
openhigs between adjacent runners above the selected 20 
locations, the fint contact openings having an aperture 
width St the upper surface which is greater than the 
adflcted distancCi 

oonducdve plugs disposed in the first contact open- 
ings to electrically contact the acdve areas, individual 25 
conductive plugs having a substantially fiat upper sur- 
£wc, the upper surfaces of the conductive pings being 
approximately uniform in eievational height acrou the 
wafer, 

an osdde layer provided above the instilattng layer 30 
and having second contact openings formed there* 
through which extend (o the upper surfaces of the con- 
ductive plugs; and 

a conductive layer disposed above the oxide layer 
and in the second contact openings to elecihcally 3S 
contact the conductive plugs. 

A semiconductor processing method of making elec- 
trical contact with an active area on a aemiconductor 
wafer b described with reference to FIGS. 1-^. The 
same numbers have been used throughout these figures 40 
to reference like parts. 

In FIG. 1, a section of a semiconductor wafer 10 has 
bulk substrate 12, field oxide 14% and active areas 16 and 
1ft. Conductive runners 20, 22, 24« and 26 are provided 
<yver wafer 10. Individual runners have a polyafiicon 45 
layer 28. a silscide kyer 30, and an oxide layer 32. Gate 
oxide layers are omitted for purposes of clarity. Individ* 
ual runners 20, 22, 24, and 26 have respective tops 20a, 
22a, 24a, and 26ff and respective sides 20fr/20c. 12b/22e. 
UbnAe, aiMl 266/24e. SO 

An insulatcve layer is provided over wafer 10, and 
then patterned and etched to define insulative spacers 
34 on the sides of conductive nmners 20, 12, 24^ and 26. 
Insttladve spacers 34 on the sides of adjacent condoc- 
tive runners 20, 22 and 24, 26 are spaced a distance D 33 
apart at a selected location on wafer 10 m.which a bur- 
ied contact is eventually formed. 

An impurity is implanted into substrate 12 to deilne 
source/drain regions 36, 38, 40, and 42. In subsequent 
steps discussed below, buried contact openings are 60 
formed to expose source/drain region 38 of active area 
16 and source/drain region 40 of active area 18. 

In FIG. 2, a first oxide layer 44 b provided over 
active areas 16 and 18 and c nductive runners 20. 22, 
24, and 26. First oxide layer 44 has a thickness len than «S 
one-half of distance D <FIO. I) between insulative spac- 
ers 34 on the sides of adjacent conductive runners 20, 22 
and 24. 26. First oxide layer 44 is preferably deposited 
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to a (hickness firom about 100 to 1000 Angstroxm, with 
a thickness from about 300 to SOO Angttfoins being 
mott preferred. First oxide layer 44 has an upper niriace 
46 with a oontour coafonning to the shape of the under- 

S lying semioonductor components. Upper surface 46 
defines a highest elevational location K of first oxide 
layer 44 above active areas 16 and IS. 

A thick confonnal first layer ol huulating matenal 48 
ia provided on top of first oiddc layer 44. First insulating 

10 layer 48 is formed of a nuterisl which is selectively 
etchabi e relative to first oxide layer 4< and b preferably 
formed of a nitride. First insulating layer 48 has an 
upper surDsoc 50 which generally follows the contour 
defmed by the underlying topogtvphy of the runners 

15 and fidd oxide. Upper snr&ce 50 defines a lowest eleva- 
tional location H above active areas 16 and 18 which is 
elevationally higher than highest elevational location K 
of first oxide layer 44, 
In FIG. X semiooaductor wafer 10 undergoes cbetni- 

30 cal •w^hawfa'-Mt polishing (CMP) to planarize first tnsu* 
lating layer 48 and defuse a substantially flat npper sur- 
fmee 51. PlanAhzed upper surface 52 ia at an elevational 
location L above active areas 16 and 18 which Is deva- 
tionally higher than highest elevational location K of 

25 first oxide layer 44. Although the preferred embodi* 
ment has been described as a two-step process involving 
depositing a oonfonnml insulating layer followed by a 
CMP step to planarize the insulating layer, first insulat- 
ing layer 48 may be deposited in a manner to provide a 

30 rabstantiBlly plmarized upper surface without the need 
for a subsequent CMP step. 

In FIG. 4, firu hunlatmg layer 48 is patterned by a 
mask (not shown) and etched selectively relative to first 
oxide layer 44 to define first contact openings 54 and 56 

33 between adjacent conductive runners 30, 22 and 7A, 26 
above respective souroc/drain regions 38 and 40 of 
active areas 16 and 18. Fust contact openings 54 and 56 
have an aperture width W at or near upper surface 53 
which it greater than distance D between insulative 

40 spacers 34 on the skies of adjacent conductive runners 
20. 22 and 24, 36. 

In FIG. 5, first oxide layer 44 is etched within fuvt 
contact openings 84 and 56 to expose respective active 
areas 16 and 18, or more specifically, respective sour- 

45 ce/drain regions 38 and 40 of active areas 16 and 18l 
This etching step is preferably a timed etch, selective to 
tiUcon, which removes tibe thin oxide layer 44 without 
detrimentally etching into insulative spacers 34 or oxide 
caps 32. 

50 In FIG. 4 plugs 58 and 60 are provided within re- 
spective first contact openings 54 and 56 over the ex* 
posed active areas 16 and 18. Plugs 58 and 60 are 
formed of a conductive material and electrically contact 
Bonrce/drain regions 38 and 40. Preferably, plugs 58 

35 and 60 are formed of polysilioon. Plugs 58 and 60 have 
respective substantially fiat upper surfaces 62 and 64 
which aM at an elevational height M above active areas 
16 and 18. Height M is preferably approximately equal 
to, or slightly lower than, elevstianal height L of the 

60 insolating layer upper surface SX Plug snrfisces 63 and 
64 are approximately uniform in elevational height 
acrosa the semioonductor wafer. The advantages of this 
globally uniform hdgbt are discussed below in more 
detail 

63 One of the advantages of this invention is that plugs 
58 and 60 have relatively large upper tuxfsce aress. The 
distance across plugs 58 and 60 at upper surfaces 62 and 
64 is equal to width W of contact openings 54 and 56 
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(FIG. 4). This distance is dgnificanUy grater than dis- 
tance D (FIG. 1) or the buiicd contact region near 
•ouroe/dnifi regions 34 and 40 of sobitrate 12. Accord- 
iagly»th process ofthti invention efifectiveiyreplaoa a 
narrow contact area near the active am with a large 5 
c on ta ct area. 

Aooordtng to one aspect of the invrneion, conducdve 
pings 56 and 60 are formed by providing a layer of 
oondactive material (preferably pcdyailacon) over first 
fawilating layer 48 and withni firrt contact openings 54 lo 
and 56. The semiconductor wafer a then sabjectnd to 
diemical mechanical polishing to remove the conduc* 
tive layer from upper sorfaoe 52 offifBt insulating layer 
4flL AH the conducdve material is removed from upper 
surface S3 to eiectricaily isolate individual plugs 58 and 15 
60 and to prevent formation of undesired stray oondac- 
tive traces between oonducilvc plugs 58 and 60. To help 
insure that all conductive material is removed from 
upper surface 52, plugs 58 and 60 are over poilshod auch 
that plug surfaces 62 snd 64 are slightly below firat 20 
insniating layer upper surface 52. la this manner, indi- 
vidual plugs 58 and 60 are electrically isolated firom one 
another. 

An alternative technique to chemicai mechanical 
polishing is to subject the layer of conductive material 25 
to a resitt etch back process to define the slightly re- 
cessed plug surfaces 62 and 64 of respective plugs 58 
and 60. 

In FIG. 7, a second insulating layer 66 is provided 
over first insulating layer 48 and plugs 58 and 60. Sec* 30 
ond msulating layer 66 may be an oxide layer such as 
BPSG. 

In FIG. 8, second insulating layer 66 » paUemed 
beneath a mask (not shown) and etched to form second 
contact openings 68 and 70 which expose respective 33 
opper turfuses 62 and 64 of conductive plugs 58 and 60. 
Second insulating layer 66 is preferably dry etched with 
an etchant selective to both insulating Layer 48 (which is 
preferably a nitride layer) and polysilicoo plugs 58 and 
60 (which are preferably polysilicon). Due to the rela- 40 
tlvdy large snrfisce areas of plugs 58 and 60 and the etch 
sdectivtcy, conventional photolithographic techniques 
may be used to form second contact openings 68 and 70. 
First insulating layer 48 and oxide layer 44 assist in 
protecting conductive niimers 20, 22, 24» and 26 during 45 
this etching step. The etchant may remove insulating 
layer 48 at a different rate than polyiilicon plugs 88 and 
60 as illustrated by surface level discootinuitiea 71 at the 
interface between insniating kyer 48 and plugs 58 and 
60. 50 

In FIG. 9, a conductive layer 76 is provided over 
second insulating layer 66 and into second contact 
openings 68 and 70 to dectxically contact plugs 88 and 
6a Condoctive layer 76 may be formed of pdytilioon 
or metal 53 

Another advantage provided by this invention relatea 
to mtsalignment tolerance. In FIG. 10. second insulat- 
ing layer 66 is undesirably patterned and etched to form 
mkaligficd contact openings 72 and 74. Despite this 
misalignment, howeveri electrical contact with active 60 
areas 16 and 18 is stOl achieved through respective 
plugs 88 and 60 due to the large surface area at upper 
plug surfaces 62 and 64 Cm comparison to the narrow 
distance D of the buried contact opening between adja- 
cent runners near active areas 16 and 18). Additionally, 63 
etching second contact layer 66 with an etchant selec- 
tive to both first insulating layer 48 and conductive 
plugs 58 and 60 permits significant misalignment while 



